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For the Teacher

Objectives:
Using the Chain Rule aplet, the student observe  the calculator’s differentiation of selected functions.   By observing patterns in the calculator’s results, the student will deduce the Chain Rule.

Five sets of functions of increasing difficulty are presented, together with facilities for the calculator to differentiate them.  The accompanying worksheet allows the student to summarize these results, and to deduce the Chain Rule from them.

Assumed knowledge:   

1.  The student has differentiated polynomials of the form  

 (including negative and fractional powers),  and has seen that functions like 

 can be differentiated inefficiently by expanding them.

2.  If the worksheet is to be used, then the student should be familiar with using the differentiation operator    in the  SYMB  view of   Function   to differentiate by pressing   EVAL   .  They should also be aware of the advantage of  using  F2(X) = (F1(X)) so that both the original function F1(X) and the result F2(X) are visible.

Functionality:
When the student presses   START  , they are presented with the   NOTE  view, which explains the objective of the aplet.

Pressing   VIEWS   allows the user to load any of the five sets of equations.

Each set of five equations loads into F1(X), F3(X), F5(X), F7(X) and F9(X).  Each of the equations F2(X) to F0(X) are set up to differentiate these five equations.  To do this, the user must move the highlight to each of these in turn and press   EVAL  .



i.e……   
(before  pressing   EVAL  )





(after pressing    EVAL   )

Each set of five equations is chosen to illustrate an increasingly complex usage of the Chain Rule.



Set #1:


Set #2:










Set #3:

Set #4:

Set #5:



 





A final option in the   VIEWS   menu allows the user to load their own set of equations into F1(X)…F9(X).   In order to save time, this option pre-loads F2(X)…F0(X) with the required differentiation operators.
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Additional Exploration:
The teacher can make a copy of the aplet and edit the files containing the equations (.CH.S1 …  .CH.S5) replacing them with other examples if desired.  Homework for the students could be set in this way after the worksheet has been completed.

  

Ideas can be applied to:





Precalculus






Programs associated with this aplet:

.CH.S,  .CH.S1,  .CH.S2,  .CH.S3,  .CH.S4,  .CH.S5,  .CH.SX

Aplet & documentation copyright ©1997, C. Croft, Applications in Mathematics.








<ccroft@iinet.net.au>

The Chain Rule

So far you will have seen how to differentiate polynomials such as  

  or even  

.   

You may even have differentiated something like  

 by first expanding it to 

  and then differentiating.  

There are obvious drawbacks to this method of doing things…

· it is slow.

· it is prone to errors.

· It cannot cope with complex expressions such as  

.

It probably will not surprise you to learn that there are faster and easier methods of dealing with expressions of this type.  The most useful of these is called the Chain Rule and your calculator (of course) knows how to use it.

Your task in this worksheet is to examine the results that the calculator produces when it differentiates various pre-prepared functions, and to try to deduce the form of the Chain Rule from these results.

Load the aplet called  Chain Rule  onto your calculator and run it.  You can read through the aplet note that is provided but it basically says the same as above.

Press   VIEWS   and choose the option labeled  Load Set #1.  Use the   EVAL   button on functions  F2(X),  F4(X) ….  F0(X) to find the derivatives of the five functions provided in  F1(X),  F3(X)…. F9(X).

Record the original functions and their derivatives in the table provided on the next page.   You may find that it makes the equations a great deal easier to see if you position the highlight on them and press the   SHOW   button.

Eg.




vs.    
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The left and right arrow keys can be used to scroll the screen if it is too large.

Set #1

Original function


Derivative

1










2




3




4




5




What pattern can you see?

Now use the   VIEWS   menu to load the second set of equations and then differentiate them using   EVAL   .  Again, record your results in the table below. 

Set #2

Original function


Derivative

1




2




3




4




5




What pattern can you see?

Now that you are (hopefully) beginning to develop a theory, use the   VIEWS  menu option of   Load My Own   to load some function of your own choice.  Predict what you think the results will be for your functions and then check your predictions.

Now continue this exercise, loading sets 3, 4 and 5 and recording them in the provided tables together with your observations.  After each set, use the   VIEWS  menu option of  Load My Own  to enter some functions of your own and predict the results.

Set #3

Original function


Derivative

1




2




3




4




5




What pattern can you see?

Set #4

Original function


Derivative

1




2




3




4




5




What pattern can you see?

The final set of equations are the hardest.  Before you have the calculator differentiate them by pressing   EVAL   ,  try to use your theory to predict the result.

Set #5

Original function


Derivative

1




2




3




4




5




What is your final version of the Chain Rule? 

Try to predict in advance the result of differentiating 

 and then test your prediction.

Why do you think it is called the Chain  Rule?
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